Introduction: Neonatal respiratory distress (NRD) is a main cause of neonatal morbidity and mortality in developing countries. Early detection of
Introduction
Neonatal respiratory distress (NRD) is clinically identified by the presence of one or more of the following signs: an abnormal respiratory rate or signs of labored breathing, with or without cyanosis [1, 2] . NRD is a frequent neonatal emergency worldwide with reported prevalence rates of 4.24% in Pakistan [3] , 18 .5% in France [4] , 23% in Ivory Coast [5] and 14.5% Burkina Faso [6] .
The etiologies and risk factors associated with NRD have not been well cited in low-income countries and particularly sub-Saharan Africa [5] [6] [7] . The risk factors found in high-income countries include prematurity, male gender, asphyxia, caesarean delivery, maternal diabetes mellitus, hypertensive disorders of pregnancy, antepartum hemorrhage, multiple pregnancies, and rapid labor [1, 4] . NRD can be caused by a benign etiology, such as transient tachypnea of the newborn, or could be the first manifestation of serious infection, encephalopathy or congenital malformations [8] . Early detection of its risk factors and anticipation of the management of its etiologies are imperative [5, 6, 8] . A tremendous decrease in the NRD specific mortality rate has occurred over the past six decades in high-income countries [7] [8] [9] due to several innovations in neonatology that are insufficient or non-existent in low-income countries [5, 6, 10] .
However, there have been gradual improvements in health infrastructures and level of care in sub-Saharan Africa over time, yet to the best of our knowledge no well-designed and large-sample study has focused on NRD in the recent years. We aimed to determine the prevalence, predictors, etiologies and outcome of NRD in a referral neonatal unit of Cameroon.
Methods

Study design, setting and participants
We analyzed the hospital files of newborns admitted to the Neonatal Congenital heart diseases: NRD and a heart murmur with echocardiographic confirmation.
Choanal atresia: NRD with impossibility of passing a nasogastric tube through the nostrils.
Congenital diaphragmatic hernia:
NRD with a scaphoid abdomen, distended hemi thorax, displaced cardiac apex beat, and bowel sounds in the chest, with thoracoabdominal X-ray confirmation.
Esophageal atresia: NRD with hypersalivation and an impossibility of passing an orogastric tube, with X-ray confirmation.
Data Analysis
Data was entered in Epi Info 3.5.1 software. Distribution of maternal socio-demographic, obstetrical and neonatal factors associated with NRD were studied and compared between newborns with NRD and those without NRD using the Chi-square test or Fisher exact test where appropriate. Stepwise multiple logistic regression analysis was used to determine the effects of these variables on the development of NRD dichotomized as a yes/no variable. Adjusted odds ratios (OR), their corresponding 95% confidence intervals (95% CI), and p-values were reported. Variables with too much missing data precluding meaningful analyses were excluded. A pvalue < 0.05 was considered statistically significant.
Ethical Considerations
The study was approved by the Institutional Review Board of the Faculty of Health Sciences, University of Buea, Cameroon, and the Medical Director of Douala General Hospital. All files of newborns were consulted in the archive of the Neonatal unit with strict anonymity to ensure confidentiality.
Results
The files of 703 eligible newborns out of 726 total neonatal admissions (97% response rate) were retained as the study population.
General characteristics of participants:
The gestational ages at birth ranged from 24 to 43 weeks (mean: 37.0 ± 3.9 weeks), the majority (66%) being term newborns. Male newborns represented 52.8%. The average birth weight was 2805 ± 870 g (range: 245 to 5310 g). The majority of the newborns (61.3%) were of normal birth weight, 33.1% had low birth weight (<2500g) and 5.6% had macrosomia (≥ 4000g). Most of them were admitted within 0 to 24 hours after birth ( Table 1 
Discussion
We found a very high prevalence, 47.5% of newborns with respiratory distress. The neonatal unit of DGH is the main referral unit in the city and as such, it concentrates most neonatal emergencies like NRD. While an unpublished study in a Moroccan teaching hospital neonatal unit reported a prevalence of 9.83% in 75 newborn [11] , a prevalence of 61.5% was found in neonates admitted in an intensive care unit dedicated to respiratory distress in Istanbul, Turkey [8] . Independent neonatal predictors of NRD were an APGAR score < 7 at the 1st minute, prematurity, male gender and birth weight ≥ 4000 grams. The APGAR score is usually criticized because it does not accurately identify or predict subsequent acute respiratory disorders and neurodevelopmental outcome of the newborn, and many consider it obsolete. However, until a simpler and more useful scoring system for assessing neonates is developed, the APGAR score remains a valid and rapid index for assessing cardiorespiratory adaptation at birth and the effectiveness of resuscitation [12, 13] . This finding is consistent with observations by Chalancon et al. in 2012 [4] .
Other authors also reported prematurity as a predictor of NRD [14] .
Prematurity goes along with structural and functional immaturity of the lungs (a deficiency in pulmonary surfactant) [15] . The association of NRD with male gender is explained by the antagonism of pulmonary maturation by the higher concentration of androgens [16] . The role of macrosomia as a predictor of NRD can be attributed to the increased incidence of intrapartum fetal distress, shoulder dystocia, instrumental vaginal deliveries with birth injuries, and neoanatal hypoglycemia that is usually associated with macrosomic newborns. Atiye et al., in Turkey [8] and Obama et al. [17] , in Cameroon got similar results. Independent obstetrical predictors of NRD were acute fetal distress and elective caesarean delivery. Baby born by elective cesarean delivery lose the beneficial effects (reduction in lung water, enhanced catecholamine levels, secretion of surfactant stores into the alveolar space and pulmonary vasodilatation) conveyed by normal labor [18] . Our observation is in line with that reported in many other studies [19, 20] which accelerates pulmonary maturation [22, 23] . The fact that 40.9% of women with prolonged rupture of membranes > 12 hours and maternal fever > 38 °C were on antibiotherapy might also explain the reason why the odds of NRD were reduced in these cases. Our findings are therefore not contradictory, because not every neonate born in a context of chorioamnionitis develops a neonatal infection [22, 24] . The risk of NRD due to maternal sociodemographic characteristics is questionable elsewhere, as recently reported [4, 25] . We as well did not find any association between these maternal factors and NRD. This implies that NRD is not determined by pre-existing maternal characteristics; instead, it results from the interaction of acute obstetrical events (like elective cesarean section and acute fetal distress) with neonatal characteristics (prematurity, APGAR score <7 at the 1st minute, macrosomia and male gender). ischemic encephalopathy. Despite the fact that our study setting is a referral hospital and is more equipped to face emergencies, a high NRD specific mortality rate of 24.5% was recorded. Thus NRD is a significant cause of neonatal mortality in our milieu. Older African studies noted NRD specific mortality rate of 50% in Burkina Faso [6] and 59.6% in Morocco [11] . Neonatal sepsis was the major contributor to the death rate amongst NRD patients. This confirms the burden of neonatal infections as the first cause of neonatal mortality in developing countries as reported by the World Health Organization [26] .
We acknowledge some limitations of our study. As a retrospective analysis conducted in a single and reference center, some data were missing and our results may not be generalized to the entire country. However, based on well documented medical files, a large sample size and a 95% response rate, we have used robust statistical methods to provide novel information on neonatal health.
Conclusion
Neonatal respiratory distress affects almost half of newborns. It is a major cause of neonatal admissions and has a high mortality rate. Table 1 : General characteristics of the study participants 
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